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ABSTRACT 


per elecurical resistivity oF Evaporated Trin 
DOLyYCrystaliane ss  Uminun tims, rancane in thaiexneds 
trom, 50 ee U0 O10 A° has been measured. It is found 
Chet he Vitis her Wide yeahh Ghewc SpruUeruEe » and 
eannot be characterised by a single value of Po eWatele can 
Re being (rne=biiie restsulyilcy wouch Chie Flim would 
possess lL. My were made intimitely thick and 2 the 
CObresDOnGdite elecuron Meany meee pau. | Ine tiie sinew 
a vurend Gowards high Po and smail 2 witm decreasing 
Ube Giess. | Lier res ow yar ye dava nave: DCeCn analyser ein 
terms Of PUCTS™=vheory essuming values 1 ot Po* SbGained 


from the literavure. 
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INTRODUCTION 


It is well known (Sondheimer, 1952) that the 
electrical réesistivaay of @isspecimen ancreages. above 
Po Une Wesistivicy or the, bulk. materital..when ate 
GIMmensions become Comparable to ores sinaller than the 
eLeevronic’ Manet ree. park. 2 Of the bulk material. 
Experimental SvuuGgies .Of. This "size-effeci’ an metals 
ape Mainly carried out with the purpose of determining 
Une wMmean iree pacman pull metal. sinee the product 
Po% Cary De vexpressed im Perms OfsS58 the Ferma surface 
Ieee Ole, Uleweilecy eye "leno O1 al reerelecucons 
takiniowpart Iny condmctioa, (Ziman, AG6H: pilG3o, the 
determination On the quantity P42 from sSize-errecc 
Measurements, can De Sed eto, Obtain antormariom abouG 
Our iG aia: 

The theory sol sece Cependent Clecvrical conduct von 
Was first. initiaved, by Mhomeon. Gl901) to, explaim the 
enhanced electrical resistivity in thin metallic films. 
The proper derivation was given by Fuchs (1938) for the 
Feswocava cy) OF “LIN Taine. seluchs analyses nas. been 
AOpe eC POs phet Cease Ol chin wires Clee cular crosses section 
Dy-Dinele (Lo50). and to wires*som Square, crossssection by 


MacDonald and Sarginson (1950). 
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Fuchs in his theory assumes that the electron 
mean=iree path is isotropic and the Fermi surface 
spherical. He expresses the increased resistivity op 
ir errs OF Cates & and a quantity p, frequently referred 
vO as tie Specularity ~arameter, whien ts the probabila— 
Cy that an electron Incident on the surface of the 
Conducuor is rettecved Specularly. Becat'se of the 
aecumpeLons Of TSOuropi1e bulk "mean Pree patna and 
spherecal Perm suriace, Muchs theory is expected tC 
hold, only Lor monovalem, mevals in waieh the electrons 
occupy Only &@ Singie band and can be considered to be 
nea yt hee. 

DHovee aurempis have been made CTO improve Fuchs 
theory (these have been reviewed by Larson, 1971), no 
Several UNeory mor Metals Wu non—-spnerican Perm. 
SUrtace Gla anisOurop .c Meam itree Davi bas yeu been 
worked out. 

As expected, good agreemeny with Puchs theory and 
Wiel tie results expected rrom™= phe free elecvuron, modes 
has been obtained by Worden and Danielson (1958) for 
DOvaSseioOm fl ime.and by Nosselo (1955) for a number cf 
alkaline meter fiims. Agréeemen>s wich Fuchs theory has 
also been reported for noble metals: by Reynolds and 
Snoroorl wel (2052) for polyerystaliane films "or “coppes 
and “sdalvor= by Kadereit (10G/) for polycrystalline e@old 


Pilims: “py larson and Boiko (1964) for single crysral 
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polver films; and by Chopra and Bobb (1964) for single 
and polycrystalline gold films, All these data indicate 
compte ve Citiuse sscatveringe an the boundartes (t= —0) 
in polycrystalline films and parcial specular reflection 
Les eC Lessciey co tc le mie Wel. 

ine application iof Fuchs theory to other metals 
with valence greater than one and with non-spherical 
Perms Suriaces 2s open to mduestion. Thoueh experimental 
Gara Ona HUnver Of polyValen: metals hig Puchs theory. 
Chey yield values -o1 Po* whieh are considerably ereater 
thiam the results xpecred Brom Une Tree electrom model. 
Restevivilry Cava On aduminum Tolls by Holween and 
Jeppeson (1967) and by Van Zytveld and Bass (1969); 
on evaporated aluminum fitms by Bassewice and Mitchett 
GL969); on andaum Tolls py Borevoll and Holwech (1964 )- 
and on evaporated indium films by Toxen (1961) all 
aeree With BUGHS Theory bul Bive values cr po% which are 
COnelderaply Miener then the valuc expecved from whe 
free electron model assuming three conduction electrons 
ber atom. On the cther mand, for beth aluminum and 
indium anamolous skin effect measurements (another size 
etreey ai) Warch Gis time tae velectron mean Gres pach 
is compared with the distance to which a high frequency 
electric field penetrates into the metal (Sondheimer, 
1952) ) eive values of po which are close to the theore- 


tical values obtained from the free electron model 
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(Chambers, 1952; Haweett, 1960° Dheer, 1961). 

The temperasurey dependence oluthe resistivity or 
thin films and wires has also been investigated and 
deviations from Matthiessen's rule over and above that 
predicted by Fuchs theory have been observed. This was 
first ooserved by Olsen (19560) am indium wires., He found 
LMavethne Increase Of resistivity Was much @reater fin Gace 
thin than in the thick wires. He proposed that the ob- 
Served Geviations could be avurLbuted to the efiects of 
siliell angle scattering by phonons at low temperatures. 
Calculations based on this model have been made by Azbel 
and Gurzhi (1962) for the temperature dependence of the 
Pesuooly Loy sO “haa lis awhile batt, and sat7 lou) 
and uthi and Wyder (1960) have calculated the effect for 
Pilati Ces .j, (OT Une Ouneraland. arom vines enpirical corre la — 
tion for indium wires between deviations from Matthiessen's 
Rule associated with boundary Scavvering and those asso-— 
ciated with dilute impurity scattering Neighbor and 
Newbower (1969) suggest that the effects of boundary 
SeCabcerine anG IMpuUri cy "S¢abvering on the Lempera ture 
dependence of resistivity may be similar. 

in this thesas measuremenrs of resistivity of ¢€va— 
porated polycrystalline aluminum films of thicknesses 
ranging from 50 = BO SUG Ac are reporved., (ie varia— 
tion of FEeSLSrivivy WiUn vemperature from Wo eamtromerio ais 


has alec beem investigated Por thiree of these fiims. 
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IM the T1rse Chapper of Une tnesis Puchs theory [or 
Lhe; resi sulviry ot, thin falims es presented anarvivs 
apolileapiliity co polyvalent metals 1s discussed. A 
Preven Cis Clcstenwom COnduChLon in discontinuous 1aims 
eonciudes (his tchapver. gal eine seconds chapter une 
experimental work wie, deseriped., sand a whesvmird and 
oeneilne ¢haptier the experimental data are presented 


and discussed. 
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CHAPTER I 


THEORY 


nee Bulle Condvet 1 on 


NeCecording Vo the modern Theory ol metals an electron 
Carl. Move wichous Pesisuence aia perfect Lattice, Im 4 
Metal tne resistance bo the morion of electrons arises 
due tbo the scattering of the electrons (1) by impertec— 
Crone, Ccavised Dy vuner  Nermals mouboncmonm Bons an wane field 
of which the electrons move, and (ii) by crystalline 
dev eCeSs sSUuCQmaSs Va CanG esha NCers Guile vee Citslocear Mons 
and, TAS presence Of echemicad anpurivies — Assuming that 
tae elecuronm, ScCavverine Cue (LO the Where mouezon and 
Luau due COPLne crystaliine derecrs 2nd pmourlt les is 
independent, the electrical resistivity p(T) can be 


expressed According to Matvhiessen's rule as 


p(T) = 9,(T) +o, - Gen) 


Pp aS soe resto) rest sunvesny Wes CO. Che SCancer ines Of) 
eleciurone DY crystalline derecrs and ImpurioLes and as 
ijndecendent of temperature as long as these lattice 
defects are not affected by temperature changes. p,(T), 


the ideal resistivity is strongly dependent in a rever-= 


Siew way om Ghe Tempe raruire:, 
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fhe electrical’ centuetivity of single erystalline 
metals with cubie symmetry and polyerystalline metals 


inva sea arm and can be wiittenwas (Ziman, 1964s pb. 183) 


eee | t(k) |v(k) Jas (tae 
TT 


where the integral is taken over the Fermi surface and 
v(k) is the velocity of an electron of wave vector kK. 
t(K), referred to as the relaxation time (which need 
Noe Be Constant over Ghe Fermi surtace (Ziman, 1960; 
p.209)), is the time constant associated with the rate 
CO evr CO SUuitiprivm ir tae Clectrom Gis¢uribucson 
WiMeEMe Wine eC oerNa lt Led dase w LU Chned Oli. lite re laxau ion 
Ville —GeCrauned in the above sense ia ta, Uselul concep, wien 
ADDL Med. TO SCauveriie ior Clecrrons Dy 2mpuri eles and also 
for scavtering by Wattice vibrations if the vemperacvure 
is above the Debye temperature (Blatt, 19660; p.121). 
The electrons Tvakime pary Ine tne conduction are treated 
Se Ouesi—-iree, Wich an etiectave mass-m* which mecd not 
bevedual to the tree electron mass.) “The mean Tres pag 
of the electron to which t(k) and v(k) refer to is defined 
as 2 = t(K)|v(k)]. 

ir An average mean tree pavn 2 be defined for all 
the electrons over the Fermi surface then (1.2) can be 


transformed to 
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where & = 4 fas t(k) |v(%)| and n is the effective free 


elecvron cdensacy . 


eo. enehns TMheory tor Conavetion an Thin filme 

BUCH S “ana hysts. Orr mie "CONCUCtLON amit hie Gaadine 
is) based on che" Boltezmann equation for the distribution 
PUnCG On SO Une Tiree lecurons. ~Puchs e@esumed oan 
averarte Smoouh surtace for tie talmeand Ghat ell) the 
ScCeuvering Mechanisms i wae bulk Metal occur 2m Zhe 
Pulm wien une only dil rerence thay ule! eltecurons. Umderro 
sda Ona SCauterine ah che WoUundarues Of the vlan Tin, 
Hence Tor thbe-fiims the toval resistivity p(T) can be 


written as 
p(T) ge ey ee C1) 


where O, Ls (ne resi stavaty due to Tne scatverine ‘Of 
electrons by cme surtaces of whe Tillm, whieh wilt depend 
OM view olitcKnesa on Ne Tada tne electron mean maree 
De Wie Hence the above relation implies that (i) there 
should be a thickness dependent departure from Matthies- 
sents pule and (ii) the temperature coerricient oL 


Pestepivit, Siould alec Decome wependent, on The waicknese. 
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The Boltzmann equation for conduction phenomena 
Us tommed by <qlauing the rate of change of the vllec— 
oron ist ribpuviLon [unetion) f iduervo the external field 
VOrthe rave of change of f due To the various collision 
mechanisms, which Tend to restore the distribution to 
Leo Courli or ine: yale, (The equilibrium distribution 
tS une Feri Direc aie ten), 


ihe jeceineyosil 


> F > 
f(k+kdt, P+Pdt, tt+dt) = F(k,2?,t) + 2 des 5) 


ine vine presence sOmrel ecru r Cale tetld he wien sine 


Sveadyesvele Aa rural ned ye SOUuZzmeanhmogua WLOr sks 


sO eee (1.6) 
CONS 
Ineeie Cease GOL 2 MOMoPteneouSs oe OvUlernia lL ouiic« 

meval Che C1 Seri eLon BUC imom tS Imcewendeny Or space 
COOrCineaves ., Kien unseat Palins) Gine elecuron distri ou 
PLOMmmcantoOCNDSe Titi nOrh mime sO cemane UO vie spresences Ot 
boundaries of the specimen and the boundary conditions 
ae une tilm Sieraces Muse besimposed om the solution, of 
the Dolvugmanum eauaviom. Wnese boundery Conditions are 
determaned Dy the nature ofvwecaLlvering au the, boundaries 


Of tthe Specimen, Ruchs assumed “a pDouUndary condiviom for 
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Dvof the electrons 2ncident on the surface of the film 
is reflected specularly and the remainder are diffusely 
scattered. 

Consider a viin faim of thickness! <c lying in the 
Ry Please With the Two suriaces being at -z = 0) and) Zz = ad. 
If we assume that all the electrons which reach the 
SuUrTeace are scapvered diffusely (po = 0) then the ee 
UeEDuUt Lon, Tuncy tone mor whe Telecurons av 2 = 0 eand a= .d 
MUS be Whe “equalipreuim Valie Arrespective Of Ghe Wisgri— 
Dug Om elsewhere: Ti uineme nina News tie DUCd om Bune cet 


CiprU ne Eleecrronimay DemNrloucen as 


OS Shas OUR) Clea) 


where rs is assumed to be small. When the electric field 
Poa Ted ealons Cie x edirecl ron sme lectine the produce 


Br -equatvom (26) sreduces to 


uh 


af fui 
ee og oto. (8) 


ie ~ m* 
Oeualirs xe 


Qo 


Z o0zZ 
PuLvine wan the relaxation time approximarvion 
Gaeie aesumed tor Desisotropic) 


and applying the boundary conditions that iG, emus 
bemgero for electrons at the boundaries of Thewspecinien 


for completely diffuse scattering (p = 0), equation lige, 


a 


can be solved for fj (v,2). Assuming a spherical Fermi 


suprace Fuchs obtained for the conductivityoo ofethe 


film 
3 2 
On 3 een i eee =k Dak K =k 
Dene eee ce (l-e “)- os, mee 
Ca) 
where k°= d/, -Ha@c)) = | eee ONE ee es 


K 
oe and “are Utne cConductivecvy anG@. mean free paun in an 
Iiiinavely thick Tit haying sine same suruccure and 
jes realness lat lee seul Meus Mieic Slaki incites atenaikss Xeni anlors 


SvOVe express tom 10Or ie ands @ << 1 are 
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For @ general case which assumes that a fraction p 
@f the electrons are scavverca specularly at the surtaces 


Fuchs: obtained 
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Tucas (1965) weed Fuchs approach to calculate the con= 
ductivity coL 2 Tilm with its uwo Surreces ‘characterised 


by different specularity parameters p and q. 
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3. Other Models 


AGCOrdime TCevequablon GQ. le)ifeall the electrons 
undéeree specular ret lection then the conductivity will 
De the same as thes bulk conductivity. “This however 
applies only tovanvidealuméetelwith @ spherical Fermi 
sUrieace and As0ctroplc relaxation time or to 4 polycerystal— 
line metal with a random aneular distribucion of the 
Chysvatlivres Ss “EhOtpresence vor the vsuriaces in a cin 
Specimen will cause thevconductivity of simele weryseval 
films with non-spherical Fermi surfaces to be anisotro- 
Puce ver it the Dulkiconduccivity Lei sotropue (Pippara, 
POG2. (Extension Of Ftens model ilo a single erystal 
Mevadii ni Willie Hermit suriece which Ws san ll ioso1d 
Cf revoluulom fas Deen tmadesby Eng lemannwand Sondheimer 
(1956) assuming diffuse scattering at the boundaries. 
Price (1960), Parrott (1965, 1966) and Gorknun and 
Rashba (1969) have also included specular reflection. 
| Puchs Model does nO takerinivoeeecounl vie eiltect 
OLmssmat tance le Seagverina of icleevrois by phonons ia 
low temperatures. tC was) Dolnved our Dy.) Olsen 101953) 
thaw Ghougi wnese precesses Yeontribure negligibly vo 
the resistivivy in a bulk metal, vhey will cause vie 
electrons to Strike the surraces of “4 kiiimland result 
in larec angle wseatlering processes when the Ssuniace 


Scatterime@ wus ditiuse. Calculations based on this smait 
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angle scattering mechanism have been made for thin 
fiiims "by Baines, @l06)), Husstad=and lothe (1967) 4nd 
by Azbel and Gurzhi (1962). 

In all the models mentioned above the boundary 
conditions proposed by Fuchs are retained, In Fuchs 
theory the specularity parameter p, introduced to 
deseribe the Scattering of electrons at the boundaries, 
iS treated as thougn 10 were independent of the electron 
wavelength and the angle of incidence. Parrote. (luCo>) 
and Brandli and Cotti (1965) proposed different boundary 
Concievons. “in their Tormubetion the constant specu— 
TAraoy Parameveoe Deals replacedsby a svuep 1UncGLlOon=or 
tHewane le Or amcadencee pebelNey ONG. FOraaneleowor =inica— 
dence reaver than ea "cratical angle Cand Zero ounerwise. 
Ziman (1960; p.459) has discussed the effect of geome- 
tricalwrouchness ion bneswavebensuh dependences .of p for 
MmoOrmale1nehaence and Nis treatment has been extended -by 
Soffer (1967) to include oblique incidence. All these 
models Véad toa saturation of Festsetivity in the chin 
film limit but agree with Fuchs theory in the limit of 


very rough and very smooth surfaces. 


Peep iacaulom or LUCIS )l neory vos olyvalenumMe tals 


in applying Fuchs Uneory to analyserexperimenval 


data the following requirements must be satisfied: 
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Firstly, the assumptions of spherical Fermi surface 
and isotropic mean free path over the Fermi surface 
must be satisfied. 

pecondly, the films must be continuous and bounded by 
plane parallel surfaces. 

tiiediy, aparl trom the cdirterence in thickness. ihe 
fiims should ali have’ the Same structure and purity so 
that they all can be characterised by the same values 


Opeye Vand also nomen. 


o.8 
As already mentioned, in the case of alkali metels 
Sudeep le mevals Unie appdcation or Fuchs cheery is 
StvatcnvLorward.. dm = unese Metale vac Herm suri aces 
ave meaty Spherical snd Giesmean free Pavia cam be 
COnsetvdoered TO De Tsorropl Cover ne Fermi suriace. 
(Though these approximations are less likely to be 
Saulsracvonry, POL ule Molle Metals il Wile the aterm: 
surface touches the Billouin zone boundaries (Cracknell 
T9GC. 1971). Moreover 10 cam be assumed that in cmaese 
Metals one Electron per avom contributes to tne conduc— 
tivity SO thal eduavion (1.3) can tiem pe used fo 
Ca Velie e Poh For a number of monovalent metals the 
Vic emo. P.% Obualned by Fivtine vexperimental dava To 
Fuchs theory have been found to be in good agreement 
Wilt the cheoretically calculated values, This seems vo 
indileave cha, Puchs theory Gan be contidenvly applied to 


Monevaleny Mepals provided the Second, and tie Via rd 
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criterion regarding the uniformity of film structure 
forseall the Pilms ds) cavisi ied. 

The -appliveavion or Nuchs theory to wolyvalens 
metals is less suraiehnttorward, In these metalic the 
Fermi surface lies in at least two Brillouin zones and 
hence some distortion im the sohericity of the Fermi 
surface is to be expected near the zone pounce een 
Also there is no reason to believe that the mean free 
path over the Fermi surface will be isotropic. However 
tne Fermi surface Constructed by Assuming the free 
electron model (Harrison, 1959) has been found to be a 
WSei Ui euLde: wid vie wt nvereretablonyOl, Gxperinental 
results for a number of polyvalent metals (Cracknell, 
BOC Oreo (a 

In tne mévals eluminum and andium with three 
Valence re lecurons. Une Pree weleccronm SOnere Anverscectus 
the second, phir? Mand souUrua Zones. Sper mencaL 
Studies ot wine Meri, SUPIAGes VOr suhese meres Coniiam 
elosély the free electron model So that the area of 
ther due vOrved erm. Suclaces 15 ov expecved To, pe 
Huei dire renie Grom tne Om wie Trec electron sphere: 

The existing experimental dave on these poly— 
Valence mevals:. (lherson, 19/71 so.) s5 Senow coat the vale 
of P42 obtained by applying Fuchs theory to tiese dava 
are considerably greater than the values calculated 


from the free electron model. “On the other hand, 
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measurements of anomalous skin effect on these metals 
show close agreement with the free electron model 
(Chambers, 1952; Fawcett, 1960; Dheer, 1961). 

in ali the expemimentval studies on theim speci— 
Mens LU eas beenvassumed) thae all the samples are 
Ldenvical Sin sshruetupe anc purily sorbate pney can 
De Characterdsed by oa cinegle Os and st ~ inere as lwaye 
a2 possibility thav this criterion may not be satisfied 
(Mayadas et a1, 1909). Gf the Value or p, increases 
WiUMe CeCe dei Neve niches = sien. ioe Oby TOUS soilateuile 
Sapp 2Cavicon of Fuchs Theory to these data will always 
vyre Ldevoo  lercerae Value oO Pak: 

The method described by Cotti (1963) obviates the 
Neceso. Uys Ole Dreparing seam ceomot lhnerent ss iiekicse ses 
Wik te eOeCh 1 Can” Ditka resVetivadiples.. PHewhas Shown. Giar 
tne decay time Of eddy currents induced DY a masnevic 
chance parallel. vo une suriace ol sthe falm Gerines 2 
Pesi sry Loy op WoC Nas) ar mune Gaol) Cependence "Onl. 
and ee ditrerent from tier ol tbhe direct current resis— 
Civaty, > eiven by Puchs. Hence measurement of p and P. 
on the same sample enables one to determine Qs emalel 30 5 
However this method also yielded high values of Po* for 
Aluminum and indium (G. Brandli et ai, 1964). The Fermi 
Sumiace eres Calculaved| irom these values of Pa® are 
respectively for aluminum and indium only 43% and 59% 


Of the area expected Trom the Prec eilsctren model. 
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AS suggested by Cotti et al (1964), this diecre— 
Paney can De resolved wit 1b as accsumed that thesmean 
free path varies strongly over the Fermi surface. In 
Ssucn a Case the mean Tree path determined by resistivity 
size effect measurements cannot be regarded as the mean 
value defined by (1.3) but will be weighted in favour 
GOP those parts Of the Permit Ssurtace having Ghe Toncest 
Pree pats. “Whe tanisoprony in the recsisvivicy Ot aluminum 
films reported by Risnes and Solien (1969) has been 
explained by them Dy Sssuming thet the electrons near 
tier lous Zone Doundar Ves dO; nou —COncr Unute "LO vite 
Current. Prom Dnelr experimental Studies: OF S17e> errect 
on aluminum and indium Cotti et al (19604) believe that 
Cie wi ree Danis che 16 wel Mims Wiel oOCe ene vine wu lserd send 
fourun Zones and tn vnessSeconde zone close TO the zone 
boundary Must De very shor’ “and conurabuyve Neeliciply 
to the transport phenomena. Brandli et al (1964) argue 
thet the reason thab the measuremenvs of anomalous 
ehimewerpec, Lead to Values or thew termi suriace, close 
to. bet acceuved on une basis Of ne free e1ectron 
Medel is tha work so tar has meen carried ou aveire— 
quencies which make the penetration depth shorter than 


tne shorcvest meam free path on the Nermi suriace. 
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5 Hleetrical Conduction. in Discontinuous Filme 


Invall the abovesdiscussiens, the) filmes were con— 
sidered tQ be Continuous se that the mechanism ofucon— 
duetion could be considered to be the same as in the bulk 
meval.. 

Depending, om the eroweh stages and on the conditions 
under which 42 thin flim ws fermed the itructure of the 
evaporated film may be granular and island-like and may 
NOG DeComMe <cCOnUINUOUS UnmtI a particular thickness is 
reached. This Tilekness 2G While an eyoaporaved wii 
Pim DSc Oomes CONntinuous: agaim depends On The meval eva— 
DOReated, tie Supstrave endwotner Conds ttens Sucheas. une 
TeEMVera vue Ol UIe Gallons Ula We wnta be. Ome O Omi veOle se UG. 
Piereonduccriom Mechenisn ai veranv ilar iiiins: VS seni ret, 
deri rerenc Teo Ulaven whe bug metal, Une se siamo ware 
Characteriused) by Nish resistaviuy,. ManyeOrders ob mag 
Niguae Tarver than thay Cf pul maverial. wanda negauave 
Lemperavure Cocrricieny Of Cesisuivily. for these 
films Consrderable GCeviatvions from ohm's law have been 
Observed et Nuch suplied Teles.) The Vheory oO Lorma— 
LOM On, LLimes end, vhe elecurical  eonduction ima vie 
Jfelbandatike film dave peen discussed 2m detail by 
Neugebauer (1964). 

Tieatuims reporcced AN tnie Chests Willi be consa— 
G@ered Continuous @s mone of these characteristics of 


the vatanad-like fidm have been observed in our fidme™. 
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Moreover due Go its strong airinivy to elass, aluminum 


Ls known to form continuows films-even at very low 


Uitekniesses On Blass sSubetrave au normal temperatures 


(Holand 51963-2209). 
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CHAPTER 1 


EXPERIMENTAL WORK 


leer eparanvoneol Maams 


The films were prepared by evaporation in vacuum 
in an evaporator (a placs bell jar Wiech a: diameter of ~12" 
endn 50) Sata” nent eis) The vacuum System consisted of 
an oil diffusion pump backed by a mechanical pump with 
a Jiquid nitrogen trap between the bell jar and the 
diffusion pump. The trap was always kept cold when 
the System was evacuated tO Minimise Contamination of 
GHe SyYSbem, especially by tivdrocarcbons Lrom the olmps. 
Purine eve poraulonm Ti qule across was passed uNrcucn 
a copper CuUve ahsade. Une bella yar. 


Pisher—vprand 12-550 Glass microscope slides were 


UsSeCU Vase SUpsUraves. ss Ine walle s were Cleaned Wim 
deversenv and then slieatly Tare polrsned. smeads were 
soldered to the glass Si2de with Sndium and they were 
also soldered ToT une COpper terminads proyvidedmon we 
Substrave holder. “During eGvacuavion ore rhe bell far 
GHEe Substrave was Subjecved™tco & gclow-diseharce,” “This 
is considered to be effective in removing contaminating 
filme trom the substrave and also vo accelerate tie 
desorption of gases from the substrate, Irom the walls 


and other parts of the vacuum system (Holland OG: 
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0.75). | Aluminum was used as the glow cathode because 
of its low sputtering rate. The pressure during the 
glow discharge was kept constant at 300 microns for 
about 5 minutes. The system was then pumped down and 
the glow discharge was allowed to continue till the 
Syolem Was Comnected Go therair fusion pump. 

ihe films were prepared av room temperature by 
evaporating Al (99.999 % purity) from a tungsten 
helix, which was resistively heated. The films were 
defined by a mask on whieh the substrate could be made 
GOmCeESt.. lWO seus, 08 foimsr were preparcd., “Whe daisy 
Serv UC he Wer lLie eco oer eCOUs obey Cle hic ny ae 
thickness range 50 = OL000 AS were Drevaredsa vac 
dewosi Von erave wom 20 A°/sec, Wivh toe Subs prave SUN cic 
from the source. The films thicker than 1000 A° were 
brepared with a Source £0 Substrate distance of 16 cms 
and at a rate of 50 A°/sec. The second set of Lipa 
to De referred Go as set dL neresarver, consisted, of 
foims a vhe, wiiuckness! mane LOU A> = 2000 2° and were 
prepared with a substrate to source distance of 30 cms 
and am average deposition rave of abour 15 A /sec. 

Prior to evaporation the Al wire was melted and 
@uring this period the substrave was. shielded from che 
Source by. means of a shutver Covering Che seurce =. —in 


ease of set LL films the evaporation was commenced 
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when the ultimate pressure in the bell jar was about 
5.0x107! torr. During evaporation the pressure rose 
Topaboucel < 10. = Mformw cet I films were evaporated 

in better vacuum conditions and the pressure during 
evaporation did not exceed 3x 107° TORre ea ek Awe ico 
aecount, Ene Geometry of tne substrate and the scurce 
and TOULOWing uiie calculations of Holland (G65. .40)) 
LU Was Verified thaw the deposition of Al was Unitorm 
tnroeusghouu ches Veneth and Dreadthn or the films. | The 
Piceknes send ey ne ea yemC Pde DOpd ULOlLOn Mile= tila ie ire 
mMonivored [by Means Cf a ouartoZ ichyaua ll monmLor. 

Anver Tie eve poral UOtmune soecl mem Wem Weiiu aad 
the evaporator (under vacuum) for about two hours to 
aidow one films Omcool and their Trestsvances. to avvain 
Sucsdyavolucs. » (Me specimen Was suiem, trate rerred suc0 
Cpe veryOsuay hor mmeasuremeny Oils lta eresi stance savelow 
temperatures. 

TO AVOLd GxXpOSsSuUre Of The films vo the Vabporatonry 
atmosphere and consequent contamination, the bell jar 
Wace melted CoO. aumospheric préssure woul helium gas. 

The specimen holder (which was provided with an O-ring) 
@ougd then be fitved into a2 beass can. Thus whe 
specimen was always surrounded by helium gas, inside 
the gas tight brass can. It was found that the resis-— 


tance of the specimen remained stable for days but 
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exposing the specimen to air even for short periods 


Gesulved in resistance changes. 


on Resistance Measurement 


The resistances were measured by the standard 
four terminal technique. The current passed throuch 
the specimen varied from 10 pA vo 5 mA depending on 
tne mesisvance of one Bilm vo be measured. = 1G was 
VekirLed Tor a number o1 iaims covering. the entire 
tange sot thicknesses Wmvestagared That even for much 
icgieeer currents Moldeviavion, trom ohms law could be 
ODServed. 

Die woOre nt ii erences sWwere measured wwe wiimee 
Guildline Type 9160 photo cell galvanometer amplifier 
and a type 9461 A galvanometer. With this arrangement 
Lewes OOssubler Go devect a Ovet lal mCin erence. On 
OZ OL MUV, ~The =stancverd: ecststors, Wii Whiten tae resis — 
tances of the films were compared were accurate to at 
Leas TO, de oar, 

TOmMinamisestMermal C.miis Connect lons Go The 
DOC LOMeber ICircuae Were Tiade by means Of Copper 
Wireemac lar 28 spossiULe. Shlso Une Usual precaution 
wae taken to measure Dhe PObeENpial ditterence ailver— 


navely for the standard resistance and film resistance 
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with normal and reversed currents. For potential 
selection and current reversal Guildline thermal-—free 
switches were used. 

The resistances of the films were first measured 
at room temperature and then the specimen was trans- 
ferred to a cryostat for measurement of its resistance 
at temperatures of about 77.7°K (in liguid nitrogen) 
and at 4.2°K (in liquid helium). After measuring the 
resistance of the film at 4.2°K, the resistance was 
measured again dwn liquid nitrogen and then at room 
Lemperature. No Sieniticant change in these resistance 
Values Was, ObServed. 

The Varilat homo seresistance Wilh cempernature was 
measured from 4.2 to 80°K for three of the films (from 
set II) in a cryostat in which the temperature of the 
specimen could be maintained steady to within D001 kh. 
by means. of an electronic controller descriped wy 
Dauphinee and Woods (1955). 

Tre ‘leneth and breadth of the specimens were 
measured with a travelling microscope with an accuracy 


ereberver thane. 0l sem: 


ae Thickness Measurement 


a. Quarta erystal minotor. In employing the 


quartz crystal for measurement of thickness, use is 


made of the tact that the change in the resonant 
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rpequency Of a.quarts crystals due to a small change in 
the Vibrating masse 12s linearly proportional to this 
change ol mass. Moreover the shirt in the frequency 
ts andependent Of the thickness, density cr elastic 
COnStants ol tne Material added to the crystal, 

To monitor the thickness of the films deposited 
two “diameter, 5 MHZ AT cus erystals were Used. 
they were mounted identically in the same water cooled 
COpper holder witilonly one Crystal exposed to the 
SOUrCe to receive the Ceposived metal film. The 
Crystals were GOriven Dy GNO Cosel lators mounted anside 
thewsysvem. The high frequencies from the two were 
mixed and the change in the difference frequency was 
UsecGecO.iOnd vot Ie Ula Chnesesol vie a vimerdeposaiged . 
PAS TCorCuLy USed Was sumlitar vo Tie one descr ived by 
Vieva Clo), 

HOSS ulMave. oie sCOhanee sin eolremimce quency Ndte "GO 
The Doss ble rise in the vemperature of the crysval 
during evaporation, the erysvealewas exposed GO Une ov 
bare: ti laneny shor abou 5 minucves.. —Clhis as much 
ereaver than the vime requiredy tor evaporacion of Lhe 
filme sreooroed tn vis Ciesla.) | Tne frequency or une 
erystal drifted slowly and attained a new steady value. 
Mites drift im the frequency was only 6 Hz. The drift 
in the frequency observed when evaporating thick films 


at high deposition rates was found to be higher, namely 
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Theo igs Hor thinner iiwime the dritt was emall.. 
To avoid operating in the non-linear range of the 
Crystal, Alter theiicirystaiewas loaded “with 4 mass 
equivalent to a frequency change of 15,000 Hz the 
erystal was cleaned and new electrodes (silver was 
used) were evaporated. 

DeeCeliDreavilGnmoOlmule nUGyate bean LoMmenow tine 
BAtekness Of Dhe Tiims anevermms on the change im the 
Pesonaney Trequency. the quarvzverystal wae calibrated 
by measuring the thicknesses of the films(evaporated 
On voptulcal! flats at the postition of the substrate) 
using a Tolansky interferometer (for details see 
Verba i(U971)). Taking into account the @eometry and 
followine: ~themealoutetions soy sol land Coo 3s. Vw) 
Eine Seneipavipy O01 the Ceysral aor Al was ound. vo, ie 
SSS) Hz/A° in agreement with the value given by Lawson 
CRC: 

TOuce ln Drawe, Cle wOuacl 4 CONS Cal. Whe sone ssOuUurce 
was moveo closer to the Subsureve <a. Peomelrical correc— 
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CHAPTER 1 Et 


EXPERIMENTAL RESULTS AND DISCUSSION 


nh General Considerations 


AS already mentioned in, Chapter 1. one of the 
diiftaculties in analysing experimental data on poly— 
Valen: mevals dike aluminum Ws. thay the value of Por 
is not known. The usual procedure is to £16 the data 
LO Tuenhs wheory Go deduce whe value of Pok ang .p. 
BValuation of the résults obtained depends on the 
DURIOYyY nd Suructure Of all the samples being equal 
SO thee they can be Character ised py Dhe wsame Po ewatoh sc 
PUurthermore Li the dava On voi miims are. co Pive Aiator— 
meaGlOn apDOuUL soNes Granspoey apereame Gera win soles OUle souiic 
Metal rnc «thie iaimMs SNusG a vyemaentitceal Strucvure Slo 
Ene Owe neta. | Mines (Seen Si rom Vaole ss that. cur dave 
COs tess] Cet Uo eC tne Ol nl te ie acl aU Vay ye 
the thickest film at room temperature (at which the size 
effects should be negligible) does not approach the 
resistivity of pure bulk aluminum (2.65 uN.cm). Since 
we have reasons to believe (see sec,2 of this Chapter) 
thes tor our films the number of) impurities: and lavcice 
defects ts e@réacer in the thinner iflms, no ettempu has 


been made to fit our data to Fuchs, theory assuming a 
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single value of 2% and Po- Instead we have analysed the 
resistivity data using the values of P42 obtained by 


other workers. 


ee oerucvure Of une Evanoraved filme 


Though the structure of the films reported in this 
BNesis Was Nor examined. anrormatacm 26 ayer apie which 
Mod eCaves toay The stricture Of clin tilmoewen Vely scus 
iaVes LO VeVapoOralrtom COnditione.. Under phe weonditloms ot 
evaporation of our DPidms) they are expected to differ from 
Che buik metal in several respects. 
oe) SLiNCe Che DVrecclPe, POceurOrerocavers baan iene Weyer 
dure Gn reparation, Ol suhe wrt iis lls sWOUL Cae Ve 
resulted inj substantial trapping of residual cas mole= 
eules and reaction ot tres ia ims with some, or thescases , 
especially voxidatton. Phin -iilms are expectcd To be more 
contaminated than the thicker ones. 

GH Pele curoOMmMmUuctonCODewSUUCI es OMmeValDOCtaGeda ma its 
have showm thac. these fadims.contain a higenervdensity of 
tance defects than the bulk metal or foals whica have 
been prepared by thinning from the pure bulk metal. The 
possible mechanisms for the formation of lattice defects 
during the growth of the films have been discussed by 
Paghley. (1964, . 59) 1p There te evidence i Mometne, sane) = 
ing behaviour of films (Belser, 1957; Chopra and Bobb, 
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density of defects in the thinner films. This lends 
Support to the idea that the evaporated films are 
initially highly disordered (possibly due to the me- 
chanism of growth in the initial stages and the 

ini tuence Of the substrate) but as the evaporation 
proceeds there is some improvement in the perfection. 
Further the atoms of the metal could lose energy due 
to collisions with the molecules of residual gas near 
ENE suvstrave ang in this Case their surtace mobulicy 
is CXDeCLed ho. De COnsTderap ly reduced. — Maus cme 
Presence ‘Ol residual gas DOp enly invreduces Ampuraties 
Mole CVAVCraued 1am. pup Pca aso. Sua umed Se) iwiie 
Lied da sOrdered) Sv riGcure Of uteri i men by acecoule Tie 
Che SUrrace; Mops Ly ior Uneameua ll atoms, 

Further evidence for the presence of defects in 
evaporaved)tiims comes from the fact thay evaporated 
films ere an va state or Barve SUress. ana exhibit .conca— 
derable strength. it is belsreved. that among other 
factors this ie Screne vl 45 due lo the presence of 
a large concentration of dislocations, other lattice 
deréepe and impuricaes which impede the motion of Gis— 
boca One mm CHOtCmaniny,. ) OOO noe bons 
(ita) Depending on the nature and temperature ol the 
substrate during the film preparation the differential 


thermal contraction, when the specimen is cooled, can 


Ate 
in 442 o8 ODD Ncadels 
trom SpE 7° wii Ong Mion ania? 
& hoor i refom, -05 7171S aunteret ta0 er 


Ma i'd phine fear a) meray is f tal ' oes 50 : iB, 


i. Biatl =. Ls ce iu < ame “a . 


i ra | os aT | a tens | hap 4 
f if . F 7 Pare. 2 Py ' 
if i iv l i*9 bh oe 
a 
7, we oe 
» ney ta "I > me 
| a totah a saaiewe a tA halt ae a 
’ 


a Mee y s) os ‘cae oh ail cats wales - 


30 


put the film in a strained condition and can introduce 
additional defect resistance (Grimes et al, 1970). For example 
the linear thermal contraction of bulk aluminum relative 
Poste amlensth at cos°k ie iis 10 petucen vat kana 

for silica glass it is about -8x 107° at 20°K (Corruceini and 
Gniewek, esa Henee considerable tensile stress can 
result in aluminum films evaporated on silica glass at room 
temperature which are subsequently cooled to De ator 
measurement. However the contribution of this thermal 
stress is expected to be important only when the intrinsic 
stress (arising due to the imperfections in the film) is 
small. Thickness dependence of the thermal stresses 
(generated on cooling from room temperature to liquid- 
helium temperature) have been observed by Caswell et al 
(1963) for lead films evaporated on polycrystalline nic- 
kel substrate. 

(iv) In the evaporated films the srain size is smaller 
than in well annealed bulk metal and the contribution 

to the resistivity due to Che Sscatterin= of eleeurons 

at the grain boundaries cannot be neglected (Andrews et 

ain, 7969). The grain size is smaller in impure films 

as the ¢rain growth is’ impeded by the presence of impu— 
Pities.,  Sinee thinner films. are contaminated more, phe 
eraim size is expected to be smaller in thineiiims than 


in thicker filme. 
ee 


: This linear thermal contraction is small iO eee 


glasses compared to that of aluminum. 
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From the above discussion, we can infer that under 
the conditions of evaporation our films are expected to 
GOnvaim a substantial mumber: or IMpePrecuLoOne . bona) m= 
purities and lattice defects, and the dénsity of these 


imperiections is’ expected to be larger for thinner films, 


J. heal yes. .on) Dato 


(a) Accuracy of Resistivity Data 


ihe accuracy (OP resis Givecy data ais determined by 
ie accuracy WiUnewhtchn the thickness of the felms could 
pe Estimaced. Uhe quartz2 crysval monitor was caltorated 
Only ator thicker films, C=. bs00 ie which were measured 
by interferometry with an accuracy of 1 %. The same 
cCakbipratvvon Mes teen used ToOtestameacc the suai ekiness of 
Giel CAdnner Tans eso, whieh wien anvoelveserbe  assump— 
Ghon onal the density Ol sone wt iims. 1s sindependent.of. the 
thickness. Wolter (1965) found the density of aluminum 
GLlmeut oO De ReConstony Orel Nici neseeamapoVe 200 nes but 
Hartmann (1965) has reported considerable decrease in 
density for films thinner than 600 A°. The accuracy 
WL wile soher tiuckniess jo Sbles i islimceCOULGMbDe sve ermninied 
varied afrom about 8% for the thinner films to about 1-27 
for thicker films (>1000 A°), which is the uncertainty 


4ntroduced due to the drift in the crystal frequency after 


evaporation is completed. 
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The resistivity data on set 1 (evaporated at a pressure 
-6 

Ol po a) Torr) and Seta ll waims (evaporated at. 4 

Dréessure oF ~107° Torr) have been presented in tables 1 


and 2 respectively. 


(b) Temperature Dependence of Resistivity and 


Deviations from Matthiessen'’s Rule 


Hor than fidms the deviation from Matthiessen s 


Rule (to be denoted by DMR hereafter) can be written as 


IES tC) oe a) Gey 


where P; p(T) Re ete Tener awe mGeDenGene wert. Tot liom ain 
resistive cy Cepends on Od. tne whi chness sol Une fast. ene 
DM Aw Wall TOW se Dene) Ol SOM y On uy ie sCOnCelL rab. On ol 
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measured for the three films (of set II) has been pre- 
Senved In table 3. Whe values of p, (T) at these tempera- 
Cures Were Obtained by inverpolavion., Usine the weal 
resistivity data on pure aluminum reported by Seth (1969). 
The calculated A have been presented in table 3. 

Since the absolute resistivity is accurate to only 
a few percent for the Tilms investigated, the absolute 
Yaluce of A caleulated from (3.2) can be in error by as 


much as 100 % even at high temperavures. 
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as a function of Thickness (A°) for set II films. 
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Table 3 (continued) 
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4, Discussion of Results 


(a) Thickness Dependence of the Resistivity 


The resistivity data have been plotted in Fig. 1, 
Pig. 2 and Wig. 3 alone with the curves obtained from 
Muchas theory (from eqn. 1.9). The valves of Pok used 
CO Pemnerate these curves are respectively 1155 ae 
@ ome (obtained by Bessewitz and Mitchell (1969) from 
size effect measurements on evaporated aluminum films 
of thicknesses varying from 2000 A° to 36,000 a°), 
jn 22 ne es one (obtained by Hollwech and Jeppeson 


(HOC) from resistivity dace on, pure aluminum toils 


with thicknesses between 0.017 and 0.95 mm.), and 


-12 2 P aM 
Q.em (from anomalous skin effect measurements, 


Ly, Oi% 1.0 
Chambers (1952)). Though evidence for partial specular 
PeRlece von in tien poly Cey snare. cold stains was meen 
obtained by several authors (for references see Larson 
CEG) ) Sand 10) thin polycry > caliinews vers time by 
Estermann and Schlesinger (1970), most of the experimen- 
Galedavea “on polycrystalline meval fiims andicace (nau, pie 
Surtece scacuecring 1s dariucse. We aver tnerel ore assumed 
O20 avor Our ei tlms. 

Lh dussseen from Fle, thar comarisoneont "he texpe— 
Pimental dave witha Puchs! theory yields for the mean rree 
path a value of » 10,000 A° (for films >200 A°) at 


4.2°K. This value of mean free path at 4,2°K appears 
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(Gyno a, 


Thickness Dependence of the Resistivity of the films. 


Resistavity as a function) i thickness accor— 
ding to Fuchs theory, with 2 as parameter. 


The value of p,% is assumed to be 11.5 y 107i 
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GO be reasonable, But the value of & at room temperature 
is about 415 A° for thicker films and seems to be even 
Beater 1Or Tiinner films... VRis tpren tmplves thay coin 
ner films are more perfect than the "thicker ones: <0n 
the contrary, limeylew sot the sfactoreadiscussed in sec. 2 
of this ehapter Ceveriorativon in film quality witm-de— 
creasing Tilm thickness 6 uo be expecced. For this 
reason it appears that Gur films cannot be characterised 
by chis value of P42 both at room temperature and at 
Ni = Ke 

Considering Fig. 2, the value of 8.2x1071* g.em? 
FOr Po% fives a Wea eres wpe yliOiwna DOU 300 AS at room 
wemperavure,. At 4 ,2°K the mean free DAG toe Tne ewe 
thickest films is about 6000 A° but decreases with 
G@ecreesine totekness.. Cae meat tree pata, caltculaved 
Soo TUNCuL ON Ol tavcCkhMe ssn Or tii ve lve von Po has 
beenmoloucedsin Pigea 4. “lUsle cecenethavetie es leuiyvaiey 
data at room temperature (for films >150 A°) appear to 
be in fair aereemeny with the curve for 2 = 300 es 
Thies value of 2 S26 room Gelperature ms Breaver Canourc 
twice) than the average mean iree path determined from 
eduation (1.3) assuming three conduction electrons per 
atom Contribute to the conductivity. 10 is evident from 
the discussion in section 2 of this chapter that there 


are other thickness dependent factors which can contribute 
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Fig. 2 


Thickness Dependence of the Resistivity of the films. 


Resistivity as tariunction of thickness (rom 


Fuchs theory with & as parameter. Po% ts 


Bi 107s (@) em 


A, O Represenl the expenmimenval data omprset, 1 (iasims, 
A Resistivity of the films ag 4.2°Ke 
0 RESLSUCLVity au. room vemperavure. 


A Resistivity of the set II films at 4.2°K. 
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to the observed increase dn the resistivity with decreas-— 
ing thickness. Hence the agreement of the resistivity 
data at room temperature with Fuchs curve for 2 = 300 Ne 
Gannot ibe considered, to. be brought. about, by the true 
size effect alone (which arises due to the pure geome- 
trical limitation of meam free path by boundary scatter— 
ing), bub also must be due to the systematic increase in 
Py with decreasing thickness. This implies that the mean 
free path will also vary with the thickness decreasing 
Withee decreasing Uhickness or tne tidm«a Consequently Gne 
Vie iuwe: Ol Po® for Cum fiLams, Must. also pe Less than 
Bie 105+ .2.eme- 

As aleeadypymentaoned iim sectaom 4 ior Chapter i, 
tie tarse Value oT Po® (which is related to the area of 
the Fermi surface) and hence large 2 determined from their 
size effect measurements on indium and aluminum plates 
Were explained byeCoveiy et al) (1964 nto be due) to the 
anasovropy Of the mean Gree? pati.) hey assumed, thay whe 
mean Tree patos In, those regione: of. the Kermiy surtace: near 
bie Zone boundaries GO pe wery short. compared to thes mean 
free, path in lerce seoments chose pants, of) herm \suntace 
im, Second) Zone) which are nov wlose to The zone, boundear— 
56 See hie glow temperatures thes enisouropy) iis. hurther 
enhanced by the electron-phonon umklapp scattering near 


the zone boundaries. Cotti et al (1964) and Hollwech 


Ho 


and Jeppeson (1967) carried out size effect measurements 
at low temperatures on annealed samples with purity 
Comperable to that of the pure bulk metal. But for our 
films which have considerable imperfections the aniso- 
tropy of the mean free path should be less serious at 
low temperatures in the residual resistivity recsion and 
Iay be considerably less at room temperatures. 

Pine lly imoP ite y eS weave smler ted 1eur -datamen set i 
fa ims alone With the curves (f7om Hichs theery essuming 
Po* = 4,9 oes euciae lech Mipiekittss. Weis fan. ise Ie meoceche wha 
We Oval TOr the meam (ree) pavnwalues = WiLeh vary iicom 
TeOrm to 30 A “for the thinness flim). “An ee hee 
decreases from 3000 A° for the thickest film to 40 A° 
for the thinness, film (Wie. 5). These dow values of the 
mes Treo aul appear so De me asconabwie Cone derimca the 
fact abla tsOurc tele sate XDeCCECG uO mila Ve™CONstOerap le 
impurities and Gdemecus and are characterised by Low re— 
Sistiveby cracuos. | Nsealready menvioned,, Gance cal oon 
temperature the anisotropy of the electron-phonon scat- 
tering (Which 26 The dominant mechaniemn for resvoring 
eteetron distributwon to equilibrium) should nov be. large, 
the mean free path determined by this value of Pak (which 


-12 9 em? obtained by assuming 


ie near the value 4 x10 
three free electrons per atom) may be the most reasonable 


estimate for the average mean free path at room temperature 
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Pavemness Dependence of the Resisuivivry of the films. 
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Calculated Mean Free Paths (at 4, 2°K)(in set I 
films) “asa function of thickness. 
Lhe. mean. .Pee—pathe havenbeenscalcubaved-accor=— 


ding to Fuchs theory from the resistivity data (at 
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for our films. At low temperatures however it is not 
clear what value of Po% should be used to describe our 
CaGasas Une degree Of anisotropy may be cdiiterenst for 


impurity scattering which dominates at low temperatures. 


(b) Temperature Dependence of Resistivity 


This was investigated Por three films from set EL. 
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Temperature Dependence of Deviations from Matthiessen's 


Rule. 


Film Thickness = 225 a®, 
DME A acCordime Vo .ruchs heory fort. = 
Seton ee) Se Ae a pain 


Observed A. 


Film Thickness = 570 A®°, 
DMR AN Micon enue te wrine@iry sano i. n= 
POO t's, “pt =eene eke etstom 


Observed A. 


Film Thickness = 441 A°. 
DMR A from Fuchs theory for 2 = 960 A, 
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Observed A. 
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vhesipure: bulk metal.) iWnee Py is known at different tem- 
peratures & can be calculated and hence the resistivity 
Or ghee iim romedn ino) Cuarson.. 197d». 

In Figs. 6, 7 and 8 the DMR calculated from Fuchs 
theory and the observed deviations have been plotted. 
itis seen that the observed deviations are higher than 
expected from Buchs theory.) [his wis to be expected as 
CMNere ware Other Tacvors Such as the presence oF Amour: — 
CLeseeandslaurice Celetrs 1m. taent mimsand  tnessiia | angle 
scattering mechanism (which can be important especially 
when the scattering at the boundaries is diffuse) which 
Can veONLrIOULe: COM Une Ooservedmdeviat LOns. Due UO une 
MIME Tedy accuracy Of Gne Observed deviations and also cue 
LOMbUne AsSsumMpULOnSs Made an calculaving une deyreations 
expected. [rom Pucis Theory, 10 et ecorous COMparitsom can 


beumade WHhun the Wheory Or wiv Ciner experamenval daca. 


aes Conclusmon 


We have obtained elecurical resistivity data lat 
room temperature, atv Ve ak and at 4.2°K on thin aluminum 
ta lime (50 ie POS CO Nga Vacuum Evaporated at room tem— 
perature on glass substrates. We have discussed these 
data tm the Itent of Fuchs theory end Mave csvimatved the 
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value of p.% for these filme Gor be less than 6.2 <0 


Gvem- (at room temperature). We believe the observed 


. PUtee,gumerel) re: Lape 
a ee win X een 
|: geet meh ia. ‘eiond tint ws oko aoe 
nwt nsdn 00, wep atekiaiser vevedndo. ahd VAR: eae at OT, 

* ie Siietexe of! os el wedi... toot mise Mov) Satonqxes 
Sie as 7h wren wert) at? ‘ee’ duo seneeat reat ev ere weeks, * 
(and Pienk 439 Han BALL. ate | | str @ hod, Ghee gh Bie watt ae 
bike apie “SeettagMs / es iti Wylie fe Seat yes toes haus ; 
ADaon Can Lh 6) hetaager veges qiitabeive ot satel, 
Sy. 69) go (mn inahanjnat Ghysoa, Hh oF Scie ang nae 
@wve ete tpi eluisheves pewehdd “ale fo sregIgen beinaeh 
Si LemlGO) pod yh tes und: ak seme On one of4 O83 

hat Dae s.irjoey ft aie ml cpiFE eons ASPs gRS 
“Waee dadrieie haiia> (Folge thy [ta piney, Plea wine ten ad 


a 


a 


ot 


7 


a atts Balt Sot Saet Cowie: tet aw 
WHAM. 946"! A, Shi fan 
rte som at oe) th 


a ip aah Ms 


48 
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